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size or a precursor thereof or a silicate, the silicon to ftrivalent metal atom ratio being 0.2-30:1, said product
being substantially free of water-soluble by-products of said reaction.
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This invention relates to surface treatment and more particularly to processes for preparing anticor-
rosive materials for application to surfaces.

The treatment of surfaces, especially metal surfaces, prior to the application of organic coatings such as
paints, lacquers, adhesives, plastics and the like, is known to be of value not only in increasing the
properties of the treated surfaces, in terms of its corrosion resistance, but also as improving the adhesion of
the organic coatings enabling them to be more effective. U.S. patent 3,506,499 describes a process in
which an aqueous solution of chromic acid and colloidal silica is applied to the surface formed from zinc or
aluminium. British Patent 1,234,181 describes a process in which an aqueous solution comprising hex-
avalent chromium, trivalent chromium and silica is dried on a metal surface.

Our co-pending patent application 1120/DEL/87 describes and claims a process of preparing a surface
for the subsequent application of an organic finishing coating in which an aqueous acidic dispersion is
applied to the surface and heated so as to deposit thereon an essentially inorganic priming coat of
anticorrosion or adhesion-promoting material, the dispersion comprising an acidic frivalent metal compound
in which the metal is iron or aluminium or a mixture thereof and silica of fine particle size, with a silicon to
trivalent metal atom ratio of 0.2-30:1 and substantially free of metals capable of valency of at least 5. This
process is designed to be followed by the application of a protective organic coating.

According to the present invention, a protective anticorrosive material resulting from the reaction of
certain trivalent metal compounds and silica or silicate is prepared as a preformed material for incorporation
into a paint for subsequent protective application to the metal or other surface.

The present invention comprises a process for producing an anticorrosive material by reaction of a
trivalent metal compound, in which the metal is iron, aluminium, or chromium or a mixture thereof, and silica
of fine particle size or a precursor thereof or a silicate, the silicon to frivalent metal atom ratio being 0.2-
30:1, recovering the reaction product and washing it with water to remove water-soluble by-products of the
reaction. In preparing the anti corrosive material preferred molar ratios of silicon to frivalent metal are 1-15:1
e.g. 1-10:1 such as 1-5:1 and especially 1.5-3.5:1, though ratios of 10-30:1 can also give benefits.

For use according to the invention the preferred trivalent metals are aluminium and iron (ferric).
Significant amounts of divalent metals e.g. manganese and/or alkaline earth metals such as magnesium, are
also preferably absent in the material prepared in accordance with this invention.

The frivalent metal ion is associated with an anion such that the metal salt is water soluble e.g.
sufficiently water soluble for the proposed reaction. Examples of suitable anions are sulphate, mono and
diacid phosphate, acid fluoride and acid silicofluoride. The trivalent metal compound is preferably mixed
with the silica (or precursor thereof) or silicate under acid conditions.

Amorphous silica, which has been obtained pyrogenically from silicon tetrachloride, or which has been
precipitated in an aqueous medium from alkali silicates, may be used. Thus the silica is usually hydrophilic
non-crystalline and colloidal. It usually has Si-OH groups on the surface and preferably only such groups,
though some of these may be replaced by Si-O-Na or Si-O-Al groups. The average surface area of the
silica is usually 10-1000 m?/g such as 30-1000 m?/g, e.g. 100-500 and especially 150-350 m?/g. The silica
particles usually have an average particle size less than 170nm or but may be of 1-200nm e.g. 1-50nm
such as 4-30mm or especially 8-20nm. Thus silica gel and precipitated silica may be used.

It may be possible or even preferable to employ a precursor of amorphous silica i.e. a hydrated form of
silica in the processes and the compositions of this invention. The most preferred sources of silica for the
use in this invention are the products which are sold under the Trade Mark AEROSIL in particular those
which are fumed silicas with average particle size of 5-20nm and surface areas of 150-350 m?/g especially
150-250 m?/g.

The molar ratio of silicon to frivalent metal is within the range 0.2-30:1, including 1.5-30:1, 2.5-30:1, and
3.5-30:1. Preferred ranges are 1.5-20:1 such as 1.5-10:1.

In preparing the material, the solution of trivalent metal compound e.g. an acid phosphate or sulphate is
usually added to the silicon component with adjustment of pH if needed. The trivalent metal compound and
silica may be intimately admixed and heated to a temperature of at least 100°C e.g. at least 150° C in
order to form a solid material which is useful as a pigment in anticorrosive paints. The pigment may be
made by drying an aqueous dispersion of the silica in a solution of water soluble salt of the frivalent metal,
the dispersion being preferably at acid pH e.g 1.5-6.5, drying being carried out at elevated temperatures.
Preferably however the dispersion dried is the product of mixing an aqueous solution of the frivalent metal
salt with an alkali metal silicate in the desired molar proportions of trivalent metal to silicon e.g. 1:1-15 and
especially 1:1.5-3 and then filtering the solid obtained, washing it thoroughly with water, thereby removing
anions derived from the frivalent metal compound and refiltering and then drying it at a temperature of at
least 100° C or at least 150° C. Instead of filtering the solid from the product suspension before washing,
the whole suspension may be dried before the washing step.
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The present invention also comprises a coating composition for the protection of surfaces comprising a
paint vehicle and a preformed anticorrosive material obtained as described above. The paint compositions
of this invention may be formulated using any conventional paint vehicle which may be water or organic
based and is preferably heat curable.

Examples of useful vehicles include alkyd resins, epoxy resins and drying oils. Preferably the paints will
comprise from 15 o 50 paris by weight of the total pigment with from 1-20% by weight (of the composition)
of the anti corrosive pigment of the invention.

Materials prepared by the admixture or reaction of a ftrivalent metal compound and silica at lower
temperatures may be useful as anti-corrosive pigments in paint compositions according to this invention
where the paint is a stoving paint i.e. it is cured by exposure to a temperature of at least 100°C, e.g. at
least 150°C. An example of a material which is useful in this respect is the material obtained by
precipitating an insoluble salt of a trivalent metal from a dispersion of silica containing the metal in solution
thus coating the silica particles with a layer of the precipitated salt.

Paints containing the anticorrosive material may conveniently be applied to any non-porous material
such as metal, glass or plastic. The coating of surfaces formed from common metals forms a preferred
aspect of the present invention. The invention is particular by useful with surfaces formed from iron,
aluminium, tin or zinc, or alloys comprising one or more of these metals alloyed with themselves or with
other metals such as copper, nickel and/or magnesium. Examples of alloys or alloy surfaces which can be
coated include stainless steel and aluminium alloys of international designations 3103 and 5052. Examples
of other particular metals include mild steel and galvanised mild steel. The metal may be in the form of a
thin surface layer formed on a substrate.

The substrate may be metallic e.g. tin plate or non-metallic e.g. plastics material. The substrate may
take the form of individual articles, tubes, rods, wires, plates, panels or strips.

The invention is illustrated by the following examples:

Example 1

Aluminium dihydrogen phosphate in the form of a 48% w/w S.G. 1.48 solution of aluminium acid
phosphate of Al:P atom ratio of 0.34:1 thoroughly mixed with an aqueous 25% dispersion of Aerosil OX50
fumed silica of 40 nm particle size and 50m?/g surface area (320ml) and aluminium oxide (28g) and the
product slurry dried at 156°C for 5 hr. The solid was ground to a powder, washed thoroughly with water,
redried and reground.

This solid was compared as an anti corrosive pigment o zinc phosphate, aluminium tripolyphosphate
and a calcium silica ion exchange pigment. In each case 20g of each pigment was mixed with 300 ml of
acrylic stoving enamel in a ball mill and the paint obtained applied by a 24 micron bar coater to a cleaned
mild steel panel. The coated panel was stoved at 165° C for 20 min, diagonally scribed and then subjected
fo a neutral salt spray. The pigment from aluminium phosphate and silica was better than the others in
terms of reduction in paint loss and rust spread from the scribe lines.

Example 2

For Ex 2A aluminium hydrogen phosphate solution used in Ex 1 (40ml) was added with stirring fo an
aqueous solution of sodium silicate (24g) in deionized water (200ml). The slurry mixture obtained was
heated at 180-200° C for 2 hrs to give a dry solid which was ground to a powder, washed well with water
until the filtrate had a pH greater than 5, and finally dried for a further 2 hrs at 180-200° C.

The process was repeated with 162g of sodium silicate and an extra 47ml of phosphoric acid (SG 1.75)
(Example 28), or 80ml of the aluminium phosphate solution and 24g sodium silicate in the water (Ex 2C) or
80ml of the aluminium phosphate solution and 12g of sodium silicate with water (Ex 2D). The process was
repeated with aluminium sulphate 16 hydrate (28g) and sodium silicate (24g) in 200 ml of deionized water
(Ex2E). Finally the process of Ex 2A was repeated with 63g of 48% w/w chromic ftris (dihydrogen
phosphate) solution.

In each case the dried solid was ball milled at 7% w/w into Macpherson Seashell acrylic stoving enamel
(3761/125) and the paint obtained applied to a cleaned mild steel panel with a bar coater to a thickness of
35-40 micron. After stoving at 160° C for 20 mins. the panels were scribed diagonally and subjected to a
500 hr salt spray test. The results were compared to that obtained with zinc phosphate with scoring from 0
(best) to 10 (worst).
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Ex 2A 2B 2C 2D 2E 2F Zn
phosphate

Metal lon Al Al Al Al Al Cr -

Si:M 2.24 1 14.9 1 46 :1 2.24 1 1.13 1 2.24 1

Score 5 4 5 5 5 5 7

Claims

1. An anticorrosive material which is a reaction product obtained by reaction of a ftrivalent metal
compound, in which the metal is iron, aluminium, or chromium or a mixture thereof, and silica of fine
particle size or a precursor thereof or a silicate, the silicon to frivalent metal atom ratio being 0.2-30:1,
said product being substantially free of water-soluble by-products of said reaction

2. A material according to claim 1, wherein the silicon/metal atom ratio is 1-5:1.

3. A material according to claim 2, wherein the silicon/metal atom ratio is 1.5-3.5:1.

4. A material according to claim 1,2 or 3, formed from aluminium hydrogen phosphate and sodium
silicate.

5. A material according to claim 1, 2 or 3, formed from aluminium sulphate and sodium silicate.

6. A material according to any of claims 1 to 5, which is obtained by heating to at least 100° C.

7. An anti-corrosive material comprising a material obtained by reacting a frivalent aluminium or iron
compound or a mixture thereof with a soluble silicate in aqueous solution, separating the reaction
product, and heating the product to form a dried material, the atomic ratio of silicon to aluminium or
iron being 0.2 - 30:1.

8. A coating composition containing an anticorrosive material of any of claims 1 to 7 and a paint vehicle.

9. A coating composition according to claim 8 in which the anticorrosive material constitutes from 1 to
20% by weight.

10. A surface which has been coated with a heat-curing coating composition according to claim 8 or 9, and
then subsequently heat cured.

11. A process for protecting a metal surface against corrosion which comprises applying to the surface an
adherent coating containing anticorrosive material according to any of claims 1 to 7 or a coating
composition according to claim 8 or 9.

12. A protected metal surface produced by a process according to claim 11.
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